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Field of the Invention 

This Application claims the benefit of priority of U.S. Provisional Application 60/423,126 filed 
November 1, 2002, the teachings of which are incorporated herein by reference. The present 
invention relates to methods and kits to facilitate manufacture of computers, electronics and 
other multi-component assemblies. 

Background of the Invention 

The assembly line remains a conventional basis of manufacturing. A product being 

assembled moves along the line from station to station. Workers at the stations add parts to the 
overall assembly (or to a sub-assembly) as the piece moves past them. The process is referred to 
as fixed if the same part or parts are added at each station. 

Changes in customer demand have resulted in at least a partial shift toward flexible 
manufacturing, where at each station of the line the parts added to the assembly (or sub- 
assembly) vary. This facilitates manufacture of build-to-order products, such as computers. For 
example, the same assembly line can be used to produce a workstation having an extra-powerful 
processor, followed by one having a conventional processor but extra memory. To achieve this, a 
pick list can be generated as each new order is received. This serves as a guide to stock room 
personnel in gathering parts that will be used during assembly. And it may serve as a guide to 
workers on the line who assemble the order. 

Flexible manufacturing can be inefficient. Pick lists may be generated or filled in a 
haphazard, error-prone manner. Assembly line workers may ignore order details and, simply, try 
to <4 use up" all parts presented to them from the stock room. Either way, assembly is slowed and 
quality degraded. The significance of these problems is heightened by today's marketplace, 
which demands high mix, low volume lines that produce with high yields. The complexity of the 
underlying products only worsens the issue. 

There is thus a need for improved methods and apparatus for flexible and fixed 
manufacture. Such is an object of the invention. Another object of the invention, is to provide 
such manufacture methods and apparatus that improve the cost, quality, repeatability, and cycle 
time of manufacture. Yet, another object is to provide such manufacture methods and apparatus 
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that so improve the parts picking and assembly phases of manufacture. A still further object is to 
provide such manufacture methods and apparatus that facilitate the manufacture of complex high 
mix, low volume product lines. 

5 Summary of the Invention 

The foregoing are among the objects attained by the invention which provides, inter alia, 

kits and methods for improved manufacture and, in particular, for improved fixed and flexible 
manufacture. The improvements provide (or utilize, in the case of methods) templates having 
cavities, silhouettes, impressions, contours, profiles (collectively, "cavities") that fit and 
10 correspond to parts at each stage of parts picking and/or assembly. 

By way of example, a kit according to one aspect of the invention can have (and a 
method according to the invention can use) a first template with cavities adapted to hold parts 
used in a first stage of computer manufacture; a second template with cavities adapted to hold 
parts used in a second stage of computer manufacture; and so forth. Alternatively, or in addition, 
15 the templates can hold parts gathered/or to be gathered in different phases of parts picking — for 
example, the first template can have cavities adapted to hold parts gathered in a first stage of 
picking; a second template can have cavities adapted to hold parts gathered in a second stage of 
picking; and so forth. 

I 

Related aspects of the invention provide kits and methods as above in which multiple 
20 templates are physically arranged or ordered in the sequence in which they will be used in 
manufacture or picking. Thus, for example, the templates can be stacked on one another such 
that the stock room personnel fill the topmost template first and/or, correspondingly, such that 
the assembly line workers use parts from the top-most template first; the stock room personnel 
fill the second topmost template second and/or, correspondingly, assembly line workers use parts 
25 from that template second; and so forth. 

By way of example, a kit of multiple templates according to the invention can be used to 
facilitate parts picking and assembly in the flexible manufacture of computers. For each 
computer assembly, templates are assembled in the order with which the underlying parts are to 
be picked and/or assembled. The filled templates (i.e., templates with their attendant parts 
30 inserted) can be stacked and routed to the assembly line, for example, in a box, with a bottom- 
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most template that holds a chassis cover that is to be used in a last stage of manufacture; a 
middle template that holds a set of power supplies, fan assemblies, drives, and miscellaneous 
components to be used in a second-to-last stage of manufacture; and a top template that holds set 
of circuit boards, processors, memory, and heat sinks to be used in a second stage of 
manufacture, as well as a chassis base and associated accessories to be used in a first stage of 
manufacture. 

Further aspects of the invention provide products (e.g., computers) manufactured 
according to the processes and using the templates described above. 

Brief Description of the Drawings 

A more complete understanding of these and other aspects of the invention may be 

attained by reference to the detailed description that follows and the drawings, in which: 
Fig. 1 illustrates a template used in a kit according to one embodiment; 
Fig. 2 illustrates stacked templates used in a kit according to one embodiment; and 
Figs. 3-5 depict in greater detail the templates contained in the kit of FIG. 2. 

Detailed Description Of The Invention 

Figure 1 depicts a template 12 used in a kit according to the invention configured to 
facilitate the manufacture of a personal computer, work station, or other such digital processing 
apparatus. Of course, it will be appreciated that such a template can be used in connection with 
the manufacture of other goods. The illustrated template 12 is formed from a conductive foam 
However, it will be appairent to those having ordinary skill in the art that the template 12 can be 
formed from other materials, e.g., cardboard, metal, ceramics, and so forth. 

The template 12 has a rectangular shape (though other shapes can be used) that is sized to 
include cavities 14 that fit and correspond to parts in a specified stage of parts picking and/or 
assembly of a product, here, a computer. In the illustration, some of those cavities (to wit, 14d- 
4g) are partially filled to illustrate how the template is used. Instead of cavities, the template 12 
can be configured with outlines, silhouettes, impressions, contours, profiles, containers, and 
other forms that likewise fit and/or correspond to the parts. 
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The cavities 14 can be arranged on the template in the order in which the corresponding 
parts are filled and/or used during the specified stage of picking and/or assembly. Alternatively, 
the cavities can be arranged for fit on the template, to ease part insertion and removal, or 
otherwise. Moreover, the cavities can be arranged to fit the corresponding parts exactly, 
5 approximately or loosely. An example of the former is cavity 14a; the latter, cavities 14e and 
14f. Moreover, some cavities may be configured to hold multiple parts, odd-shaped parts, and so 
forth. 

The illustrated template 12 facilitates that stage of parts picking or assembly with which 
the template is associated. By way of example, stock room personnel may work from an 

10 associated pick list (not shown) to fill the template. The personnel are guided by cavity 14 shapes 
as to which parts are required. If a part does not fit in a cavity (or it fits only in a cavity that is 
already filled), this alerts the personnel that the part may be extraneous. Alternatively, if a cavity 
remains unfilled after the list is completed, a part may have been missed. In this latter regard, 
templates may be designed so that some cavities are only occasionally filled, while others are 

15 always filled. 

It is thus seen that the template 12 not only hold parts being picked for use in assembly, 
but it also serves as a check during the picking process. Moreover, stock room personnel can pre- 
fill at least portions of the templates during down time. Parts so stored are less likely to be 
damaged than, for example, parts retained in bulk storage. Requiring that parts be placed in the 
20 cavities, further, serves as a reminder to stock room personnel to remove unnecessary packaging 
that would otherwise delay assemblers. 

Regardless of whether used to facilitate parts picking, the template 12 can be one of 
several used to facilitate picking or assembly for an entire product. Figure 2 depicts that template 
12, along with two other templates, 22, 26 used in a kit 20 according to one practice of the 
25 invention to facilitate the manufacture of computers — in this case, lU-sized computers. Of 

course, greater or fewer templates can be configured to facilitate such manufacture, or that of any 
other computer, electronic article or other article of manufacture. The kit 20 also includes a box 
28a and cover 28b. These may be formed of conductive plastic but, in general, it can be formed 
from any material suitable for holding electronic manufactures. 
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The illustrated templates 12, 22, 26 are preferably stacked in the box 28a based on the 
order in which the parts they contain are picked — and, still more preferably — on the order in 
which those parts are used in assembly. Thus, the parts in template 22 are used during first and 
second stages of manufacture; those in template 12, during a third stage; and those in template 26 
during a final stage. The templates 12, 22, 26 are thus stacked in such an order as to facilitate 
assembly of the computer. Of course, those skilled in the art will appreciate that the templates 
could be stacked in some other order, e.g., one based on priority with which the parts must be 
inspected, or so forth. 

Figures 3-5 show the templates in more detail. Like template 12, discussed above, 
templates 22 and 26 are each formed with having cavities silhouettes, impressions, contours, 
profiles (again, collectively, "cavities") for the parts at respective stages of manufacture. And, as 
above, they are preferably formed of conductive foam, though other materials can be used as 
well or in addition. The illustrated templates are shown partially or completely filled with parts, 
as will be readily evident on inspection of the drawings. 

Referring to Figure 3, the top template 22 has cavities adapted to hold a computer chassis 
bottom and associated accessories used in a first stage of manufacture. While some of those 
accessories may be simply taped to or "thrown in with" the chassis bottom, as shown in Figure 3, 
cavities (not shown) may be supplied for the other accessories used in that first stage. 

The template 22 also has cavities adapted to hold parts used in a second stage of 
manufacture, to wit, circuit boards, processors, memory, and heat pipes. These are disposed 
beneath the cavity that is formed for the chassis bottom. Those other cavities are best viewed in 
Figure 4, which shows template 22 with the bottom chassis removed. 

Specifically, template 22 includes cavities 40 - 60 adapted to fit circuit boards (e.g., 
multilayer boards), processors, memory, and heat sinks (e.g. heat pipes) used in the second stage 
of manufacture. Illustrated cavity 54 holds a circuit board having an BSD safe wrapper. 

The template 22 includes supports 27 along the outer edge to form a large upper cavity in 
which the chassis bottom is disposed. Although the supports 27 are shown to be discontinuous 
blocks, it is understood that the supports 27 can be otherwise configured, for example, as a single 
flange along the template perimeter. 
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Referring back to Figures 1 and 2, template 12 is the second topmost plate in the kit 20. 
Its cavities 14 holding parts used in the third stage of manufacture, namely, power supplies, fan 
assemblies, drives, and miscellaneous components. 

Referring to Figure 5, template 26 is the bottom template in the kit 20. Its cavities hold 
parts used in the final stage of manufacture, namely, the chassis cover. 

The templates 12, 22 and 26 can be used as follows to facilitate flexible parts picking 
and/or assembly of lu computers. For each custom assembly ordered, a pick list is generated 
listing the required parts and, preferably, the templates 12, 22, 26 in which they belong. Stock 
room personnel reference the pick list, filling and stacking the templates in the box 28, such that 
the template (26) containing the parts to be used at the end of the assembly process are placed at 
the bottom (and, hence, will be used last by the assembly line workers) and the template (22) 
containing parts to be used at the beginning of assembly are placed at the top (and, hence, will be 
used first). For example, stock room personnel can fill and stack 

(1) the required chassis cover into template 26; 

(2) the required data drive(s), power supply, fan assembly, and miscellaneous 
components into template 12; and 

(3) the required multilayer circuit board, processor, memory, heat pipes, and chassis base 
(with associated accessories) into template 22. 

The box is routed to the assembly line, whence workers begin the assembly process with 
the parts provided in the topmost template and proceed through the bottom template. For 
example, sequentially at the respective stations, assemblers can remove and build 

(1) the chassis base, multilayer circuit board, processor, memory, and heat pipes from 
template 22; 

(2) the data drive(s), power supply, fan assembly, and miscellaneous components from 
template 12 ; and finally 

(3) the chassis cover from template 26. 



